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Subacute combined degeneration of the cord,
dementia and Parkinsonism due to an inborn error of

folate metabolism
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SUMMARY A 2-year-old girl with 5,10-methylenetetrahydrofolate reductase deficiency developed
subacute combined degeneration of the cord and a leuco-encephalopathy which was confirmed at
necropsy. Total folate concentrations in serum, red cells and CSF were markedly reduced whereas
vitamin B12 concentrations were normal. In addition the patient had Parkinsonism and reduced
concentrations of homovanillic acid, 5-hydroxyindoleacetic acid and total biopterins in cere-
brospinal fluid. Folic acid administration was accompanied by fits and acute deterioration in the
movement disorder. At necropsy the basal ganglia showed no detectable abnormality.

Neurological problems occur rarely in patients with
nutritional folate deficiency! but rather more fre-
quently in those who become folate deficient due to
anti-convulsant therapy or alcoholism.? 3 Children
with inborn errors of folate metabolism often present
early in life with severe and progressive disease of the
central nervous system (CNS).* %

This report describes a child with deficiency
of 5,10-methylenetetrahydrofolate (5,10CH,THF)
reductase, the enzyme which converts 5,10CH,THF
to 5-methyltetrahydrofolate (SCH,THF) (fig 1).
SCH,THEF is the methyl group donor for conversion
of homocysteine to methionine! © in a reaction cata-
lysed by S-methyltetrahydrofolate; L-homocysteine
methyltransferase, which requires a coenzyme derived
from vitamin B12 as the intermediate methyl group
carrier.! 476 So far as we are aware, the findings in
our patient provide the first unequivocal evidence
that an inborn error of folate metabolism causes sub-
acute combined degeneration of the cord (SACD),
and further support the view that defective turnover
of SCH,THEF is the link between B12 deficiency and
neurological disease.236~1°

Address for reprint requests: Dr Isabel Smith, Institute of Child
Health, Guilford Street, London WCIN 1EH, UK.

Received 4 June 1985 and in revised form 24 October 1985.
Accepted 2 November 1985

Case report

L. C. was born at term weighing 3030 g. She developed nor-
mally during the first year of life but thereafter progress
slowed. She did not walk until 18 months of age and at 2%
years she had only 6 or 7 words and no sentences. At this age
she had a febrile illness with drowsiness and over the course
of three weeks developmental regression occurred. She
became ataxic, stopped walking, crawling, smiling and feed-
ing herself and became incontinent. On examination her
weight and length were on the 75th centiles whereas head
circumference was on the 3rd centile. Head circumference at
the age of 4 months had been on the 50th centile suggesting
that impaired brain growth had developed after this age. She
was withdrawn, immobile and apathetic, becoming more
severely hypokinetic as her disease progressed. Her expres-
sion was mostly blank but she appeared frightened when
disturbed. There were fine, semi-purposeful movements in
the limbs and a Parkinsonian tremor in the arms with cog-
wheel rigidity and pill-rolling. The movement disorder and
the level of sacial responsiveness fluctuated by the hour.
When she could be persuaded to reach out for objects there
was also a marked intention tremor. Fasciculation was vis-
ible in the muscles of the thigh and tongue and gross wasting
was present in the small and large muscles of all limbs. Tone
was increased in the legs which were held flexed at the knee
and extended at the ankle. Tendon jerks were brisk and
plantar responses were extensor; in the terminal stages of the
illness ankle jerks were lost. There was a normal response to
painful stimuli but it was not possible to assess sensory func-
tion more precisely. The optic discs and retinae were normal
in all respects and so far as it could be tested vision was
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Fig 1 Simplified outline of folate turnover to illustrate
conversion of 5,10-methylenetetrahydrofolate
(5,10CH,THF) to 5-methyltetrahydrofolate (SCH,THF)
and transfer of methyl groups ( — CH,) to homocysteine to
form methionine. THF = tetrahydrofolate
(tetrahydropteroyliglutamic acid); 5,10CHTHF =
5,10-methenylTHF; I0CHOTHF = 10-formylTHF;
SCHOTHF = 5-formylTHF (folinic acid); DHF =
dihydrofolate; FA = folic acid (pteroylglutamic acid); SAM
= s-adenosylmethionine; SAH = s-adenosylhomocysteine;
CH Sadenosine = methylthioadenosine; NADPH =
reduced nicotinamide adenine dinucleotide phosphate;
FADH, = reduced flavine adenine dinucleotide; dUMP =
deoxyuridine monophosphate; dTMP = deoxythymidine
monophosphate. Enzymes; 1 = 5,10CH,THF reductase, 2
= SCH,THF; homocysteine methyltransferase, 3 = DHF
reductase.

intact. Hearing also appeared to be normal. During adminis-
tration of folic acid (see below) additional Parkinsonian
symptoms, consisting of titubation, drooling and severe,
continuous rhythmic tremor, were prominent and a series of
myoclonic epileptic attacks occurred.

Methods

Plasma and urine amino acids, urine methylmalonic acid,
haemoglobin and red cell indices were measured using stan-
dard techniques. Total folates in plasma, red cells and CSF
were assayed using Lactobacillus casei. An assessment of the
proportion of non-methyl folates was obtained by addi-
tional assays using Streptococcus fecalis and Pediococcus

921

cerevisiae (Dr Jan Perry, Harrow). Serum B12 was assayed
using Lactobacillus leishmanii. Total biopterin was assayed
in dried blood spots, plasma and CSF using Crithidia
fasciculata'' which provides a measure of the combined
activity of tetrahydrobiopterin (BH,), dihydrobiopterin and
biopterin. Confirmation of the Crithidia results was obtained
by pterin analysis on urine and CSF using high performance
liquid chromatography (HPLC) with fluorimetric detection
(Dr A Niederwieser, Zurich).!? CSF obtained by lumbar
puncture was divided as follows: the first 0-5 ml was reserved
for measurement of homovanillic acid (HVA) and
5-hydroxyindoleacetic acid (SHIAA) using HPLC with elec-
trochemical detection, and the second 0-5 ml for assay of
total biopterin activity.'® The remainder was used for folate
assays. Specimens were placed immediately on carbon diox-
ide ice in the dark and stored at —70 C. Control values for
amine metabolites and biopterins were obtained from 16
children without movement disorder who were being
investigated for severe mental retardation. Activity of
5,10-CH,THF reductase was assayed in cultured skin
fibroblasts (Dr B Fowler, Manchester).

Results

Amino acids

The urine consistently contained homocysteine and
plasma concentrations ranged from the lower limit of
detection (4 pmol/l) to 39 umol/l (table). Plasma
methionine concentrations fluctuated (11 to 36
umol/l) within the low normal range. Methylmalonic
acid was not detected.

Folates

At presentation total folate levels in serum, red cells
and CSF were markedly reduced (table). Serum B12
was normal (627 ug/l). Despite the low red cell folate
levels haemoglobin (13 g), mean cell volume (86 fl),
and a blood film were normal, and remained so even
in the terminal stages of the illness. Activity of
5,10CH,THF reductase was undetectable in cultured
fibroblasts.

Following treatment with different species of folate
(see table and later section) total folate levels rose, to
the normal range and above in serum and red cells,
and eventually towards the lower limit of normal in
CSF (highest value 13-2 ug/l). Differential assay of the
folate species revealed however that between S and
50% of red cell, serum and CSF folates were non-
methyl derivatives. Terminally CSF total folate fell
again to low levels despite continuing folate therapy.

Biopterins and amine metabolites

Total biopterin activity in a series of dried blood spots
was in the high normal range (table) and a single
plasma value was normal (1-7 ng/ml). CSF biopterins
were consistently below the values obtained in con-
trols (table). Analysis of urine and CSF pterins by
HPLC showed that urine total biopterin (3-37
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Table Serial investigations from admission onwards in a patient with 5,10 methylenetetrahydrofolate reductase deficiency
Weeks 0 35 8 10 22 24 Normal range
Plasma methionine (umol/l) 36 18 20 26 20 19 5-77
Plasma homocysteine (umol/l) 4 18 39 8 3 3 zero
Folates—serum (u; 06 >32 not done >32 not done 132 6-21
red cell (ug/l) 99 > 1480 not done 153 not done 743 150-650
CSF (ug/l) 15 not done 1-0 1-2 13-2 36 15-30
Biopterins—blood (ug/1) 65 65 60 2:4 54 36 2:4-8
CSF (ug/l) 0-8 0-8 06 07 1-6 07 3-5
Amine metabolites (CSF)
HVA (ug/l) 40 26 16 49 36 11 66-171
SHIAA (ug/l) 19 14 7 21 10 3 21-100
Folate therapy None None None 5CH,THF SCH,THF S5CH,THF
Off F.A. 20 mg/d 120 mg/d 120 mg/d
3 days + vitC + vitC + vitC

F.A. = Folic Acid.
SCH,THF = 5 methyltetrahydrofolate.

mmol/mol creatinine, normal 0-7 to 19) and total
neopterin (1-65 mmol/mol creatinine, normal 0-4 to
1-7 mmol) were high normal and consistent with the
results of whole blood biopterins. CSF total biopterin
(1-9 pg/l, normal 2-4 to 6 ug/l) and total neopterin (1-4
ug/l, normal 2-5 to 5 ug/l) were, like the Crithidia
values, moderately reduced.

At diagnosis and subsequently CSF concentrations
of HVA and SHIAA were below control values. Ter-
minally, when metabolite concentrations were at their
lowest (table), therapy with levodopa,
5-hydroxytryptophan and carbidopa was introduced.
This resulted in a prompt rise of amine metabolites to
the normal range (HVA 95 ug/l, SHIAA 19 ug/l) but
no clinical improvement.

Neurophysiological and radiological studies

-EEG findings (Drs Ann Harden, S Boyd). The first
EEG at 2 years 7 months showed generalised, mod-
erate amplitude 1-4 Hz activity and absence of any
normal rhythms. Occasional isolated, generalised dis-
charges occurred. A further six EEGs over the next 5
months showed some decrease in amplitude of gener-
alised slow components.

Flash visual evoked potential (VEP) studies At 2
years 7 months the electroretinogram was normal and
remained so even in the late stages of the illness. Ear-
lier components (before 100 ms) of the mid-occipital
VEP were poorly defined, indicating impaired func-
tion in the visual pathways and/or cortex. Follow-up
studies at 2 years 11 months showed some increase
in the latency of the earlier components suggesting
further deterioration.

Brain stem auditory evoked potential (BAEP) studies
At 2 years 11 months there was a markedly prolonged
I/V interval of 5-62 ms compared with an upper limit
of normal of 4-21 ms suggesting impaired function of
auditory pathways through brain stem structures. A

of the I/V interval to 5-88 ms.

Electromyography (Dr J Payan) On sampling the
right tibialis anterior and vastus medialis with a fine
concentric needle electrode profuse, positive, sharp
wave activity and fibrillation were found at several
sites in both muscles. Voluntary motor unit potentials
were of normal amplitude but showed a mild increase
in polyphasia. No gross deviation from normal mean
duration was detected. The left sural nerve sensory
action potential and the right median nerve mixed
nerve action potential were of normal amplitude,
form and latency (sural 50 uxV, median 85 uV
respectively). Maximum motor conduction velocity
was reduced in left medial popliteal and right median
nerves (30 and 38 m/s respectively), and the evoked
surface-recorded abductor hallucis muscle action
potential was of reduced amplitude (1 mV negative
phase). The findings suggested fall-out of large, fast-
conducting motor fibres due to a disorder at cord
level, although the motor unit potentials were not
typical of anterior horn cell damage.

Computed tomography (Dr B Kendall) There was
enlargement of the third and lateral ventricles with
widening of the supratentorial space which, given the
small head size, indicated cerebral atrophy. There was
also ill defined low density in the white matter of both
cerebral hemispheres.

Response to therapy

Initially the patient received a combination of folic
acid (20 mg/day), methionine (1 g/day), vitamin B12
(1 mg/day) and carnitine (3 g/day). Over 8 days she
developed myoclonic epilepsy with deterioration in
the EEG, and an acute Parkinsonian crisis including
whole body tremor, drooling and rigidity. Treatment
was withdrawn and the additional symptoms disap-
peared over the course of a week. Three days after
withdrawal of folic acid CSF amine metabolite con-
centrations were lower than at diagnosis (table).

follow-up study 3 weeks later showed further-increase: -~ = SCH,THF (20 mg/day) was then introduced alone.

There was no exacerbation of symptoms and initially
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there appeared to be some improvement. After three
weeks treatment was withdrawn during an attack of
chickenpox. Re-examination of CSF HVA and
SHIAA concentrations two weeks after recovery
showed that they were even lower than before and
they rose again on reintroduction of SCH,THF. Six
months therapy with up to 120 mg 5CH,THF/day
(given with ascorbic acid to prevent oxidative destruc-
tion) failed however to arrest neurological deterio-
ration or to prevent amine metabolites falling to very
low values. Terminally the patient developed recur-
rent fits and hypoventilation and she died just before
her 3rd birthday.

Neuropathology
At necropsy there were no significant abnormalities
except in the CNS. The brain was very small (unfixed

Fig 2 Histological section of occipital lobe showing small
discrete perivascular foci of demyelination. ( Luxol fast
blue-cresyl violet x 2:7).
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weight = 662 g, normal for age 1140 g) and firm with
prominent gyri. Coronal slices revealed slight ventric-
ular dilatation but normal cortex, basal ganglia and
brain stem. The white matter was very firm and
showed occasional punctate cavities. Cerebellar white
matter in the folia appeared slightly thin and the spi-
nal cord seemed flattened with greyish posterior col-
umns.

Histologically the most prominent pathological
changes occurred throughout the white matter. In the
subcortical and central cerebral white matter, the cor-
pus callosum, capsules, fornix, optic nerves and tracts
there were numerous, small usually perivascular foci
of demyelination (fig 2). Myelin staining stopped
abruptly at the edge of these zones within which there
were numerous macrophages, hypertrophic fibre for-
ming astrocytes and well preserved axons (fig 3a and
b). These perivascular lesions coalesced into a larger
area of demyelination in the centrum semi-ovale (fig
4). Some blood vessels in areas of normal myelin were

Fig 3 (a) Focal perivascular demyelination in the centrum
semi-ovale. Myelin staining stops abruptly at the edge of the
lesion which contains numerous hypertrophic astrocytes.

( Luxol fast blue-cresyl violet x 360). (b) Adjacent section
to fig 2 (Glees-Marsland silver impregnation). Axons are
relatively well preserved within the demyelinated area ( x
360).
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also cuffed by mononuclear cells, but no vasculitis or
thrombosis was present. There was diffuse mild neu-
ronal loss and gliosis in the deeper layers of the cere-
bral cortex and also the hippocampus. Thalamus,
basal ganglia and substantia nigra were normal.
Demyelination was patchy in the brain stem but more
severe in the cerebellar white matter. Cerebellar cor-
tex was normal.

The white matter of the spinal cord was particu-
larly severely affected: coalescence of demyelinated
patches in anterior, lateral and posterior columns
gave the typical appearance of subacute combined
degeneration (fig 5). The lesion was most extensive in
the thoracic cord (fig 6). At the margins of the demy-
elinated areas myelin sheaths showed spongy degen-
eration. There was accompanying gliosis but preser-
vation of axons in all but the most severely
degenerated regions. Spinal grey matter, in particular
anterior horn cells, appeared normal. Dorsal root

Fig4 Histological section of frontal lobe. Focal myelin loss
in corpus callosum and frontal white matter with coalescence
of the lesions in the centrum semi-ovale. ( Luxol fast
blue-cresyl violet x 2-7).
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Fig5 Lumbar spinal cord showing patchy myelin loss from
anterior lateral and posterior columns. ( Luxol fast
blue-cresyl violet x 12-3).
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Fig 6 Thoracic spinal cord. Massive circumferential myelin
loss contrasts with normal myelin staining in anterior and

posterior roots. There is spongy degeneration at the inner
edge of the demyelinated areas. ( Luxol fast blue-cresyl violet
x 15).

ganglia and peripheral nerve were within normal lim-
its and showed no evidence of demyelination. A fibre
density count on a fascicle of femoral nerve was nor-
mal at 12 150/m (Dr J Jacobs).

Discussion

The clinical and biochemical findings in our patient
were typical of 5,10-CH,THF reductase deficiency.* 3
This disorder leads to defective turnover of
SCH,THF,'* and therefore defective synthesis of
methionine from homocysteine (fig 1). In addition
SCH,;THF monoglutamate is the transport form of
folate ' *!% and is preferentially taken up across the
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blood-brain barrier.!® Normally most of the folate
measured by the Lactobacillus casei assay in red cells,
serum and CSF is SCH,THF.!

The patient described here is of particular interest
since she died of subacute combined degeneration of
the cord and a diffuse leuco-encephalopathy. During
life the clinical features, CT scan appearance and
deteriorating EEG and evoked potential studies (par-
ticularly the increasing 1/v interval of the BAEP) were
compatible with progressive demyelination. At nec-
ropsy the neuropathological lesions were indistin-
guishable from those found in patients dying of vita-
min B12 deficiency. Although less frequent than cord
lesions, extensive brain changes have been described
in vitamin B12 deficiency,'®!” and take the form of
small perivascular foci of demyelination similar to the
lesions in our patient. Detailed neuropathological
description of B12 deficiency in children is lacking,
but focal perivascular demyelination has been
described in the cerebral white matter of a child with
an inborn error of B12 metabolism. '8

The severity of the myelin loss, particularly in
thoracic cord, contrasted strikingly with minimal
changes in neuronal cell bodies and axons, and with
the normal myelination of nerve roots and peripheral
nerve. The clinical and electrophysiological signs of
muscle denervation and the reduced maximum motor
conduction velocity, combined with the normal his-
tology of peripheral nerve and anterior horn cells, we
conclude were due to demyelination within the spinal
cord of the axonal outflow from anterior horn cells.

In the previous post-mortem study of a patient with
5,J0CH,THF reductase deficiency spinal cord
findings were not reported.!® However, the cerebral
lesions, although not identified as those of subacute
combined degeneration did consist of patchy peri-
vascular and confluent demyelination with moderate
astrocyte hypertrophy as in the present case. Intimal
damage with secondary thrombotic changes, such as
occurs in association with homocystinuria due to cys-
tathionine sythetase deficiency, was also reported to
be present.!® The lack of vascular lesions in the
present case emphasises that thrombotic damage is
not an essential part of the pathogenesis of the neu-
rological disease.

The findings reported here are consistent with the
view that subacute combined degeneration is the
result of defective turnover of SCH,;THF.2367910
Such a defect, whether due to deficiency of methyl
B122° or to defective folate metabolism,!* 1° might be
expected to reduce turnover of methionine, s-
adenosylmethionine (SAM) and their derivatives® ~1°
as well as folates (fig 1). SAM is required in numerous
transmethylation reactions. It is also the precursor of
decarboxylated SAM, which is required in polyamine
synthesis,?! and of 5,methylthioadenosine which

recent work suggests may have an important role as a
source of 1 carbon groups in conversion of tet-
rahydrofolate (THF) to 10-formyltetrahydrofolate
(10CHOTHF).22 The latter is probably the substrate
required for synthesis of folate polyglutamates, the
form in which most folate cofactors are active in
intermediary metabolism.

The idea that defective turnover of methionine
plays an important part in the pathogenesis of sub-
acute combined degeneration is supported by animal
studies showing that methionine administration pre-
vents neurological lesions induced by nitrous oxide.®
In addition clinical studies of patients with
5-10CH,THF reductase deficiency, have shown that
neurological deterioration can be halted or even
reversed, either by a combination of folinic acid,
methionine and B12,232* or by administration of
large doses (20 g/day) of betaine.25 Betaine is able to
methylate homocysteine to form methionine in the
liver in the absence of 5,10CH,THF reductase.'®
Although betaine itself may not enter the CNS,
methionine and SAM?2¢ do move across the blood-
brain barrier, thus providing a mechanism whereby
turnover of these compounds could be increased
within the CNS as well as in the periphery by betaine
therapy.

Patients with 5,10-CH,THF reductase deficiency,
despite low serum and red cell folate concentrations,
do not develop haematological complications or
other signs of peripheral folate deficiency.! ** In our
patient peripheral nerves were normal even though
CNS disease was so severe. Such disparity between
peripheral and CNS disease is a well recognised fea-
ture of B12 deficiency. It seems likely that limited but
adequate turnover of SCH,THF, and/or other methyl
group donors, is maintained in peripheral tissues, per-
haps via dietary sources of SCH,;THF, choline, B12
and methionine, and by betaine-dependant hepatic
turnover of methionine and SAM. The slow onset of
neurological symptoms in our patient and others* 3 27
suggests that limited turnover of SCH,THF is, at
least for a time, also maintained in the CNS. Ulti-
mately myelinated structures in brain and spinal cord
prove more vulnerable to deficiency of SCH,THF
than peripheral tissues, perhaps because of a greater
dependance on plasma SCH,THF concentrations
(for passage of folate and methyl groups across the
blood-brain barrier),!® and/or a greater requirement
for methionine and its derivatives.

Acute neurological deterioration followed folic
acid therapy in our patient. This observation is of
interest since similar deterioration may occur in
patients made folate deficient by anti-convulsants?®
and in patients who are deficient in B12.! This effect
of folic acid has sometimes been regarded as evidence
against the view that a defect in folate metabolism is
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the cause of subacute combined degeneration. Folic
acid is not however a natural folate but an oxidised
(and therefore stable) pharmacological derivative of
THF requiring dihydrofolate reductase (DHFR) for
conversion to active folate (fig 1).! Oral adminis-
tration of folic acid leads to a rise of non-methyl fol-
ate in serum,?® and the neurological deterioration it
causes might be due to inhibition of SCH,THF trans-
port across the blood-brain barrier.!> This expla-
nation is supported by observations made in a patient
with dihydropteridine reductase deficiency who was
treated with folic acid having developed neurological
deterioration due to folate deficiency.3° In this patient
10 days’ therapy with folic acid resulted in neu-
rological deterioration and, despite a rise of total fol-
ates in serum and red cells, caused an actual fall in
CSF folate as in the present case.

As well as dementia and long tract signs the patient
reported here had Parkinsonism which was accom-
panied by reduced CSF concentrations of neuro-
transmitter amine metabolites, total biopterins and
neopterins. Reduction of CSF amine metabolite con-
centrations has been observed in animals and human
subjects with folate deficiency®! and in other patients
with 5,10CH,THF reductase deficiency!3 233233 put
this is the first report of pterin disturbance. Tetra-
hydrobiopterin (BH,) is an essential cofactor in the
synthesis of catecholamines and serotonin, and neo-
pterin triphosphate is the precursor of BH, in vivo.*
The data suggest a close (but unexplained) link
between folate and central amine metabolism sup-
ported by other observations.26 33 34 In this context it
is of interest that CNS concentrations of SCH,THF
are highest in serotonin producing nuclei.3®

In contrast to CSF pterins peripheral pterin con-
centrations were high normal suggesting that the dis-
turbance of pterin metabolism was, like the demy-
elination, confined to the CNS. Initially we were
inclined to attribute the amine abnormalities to
defective synthesis of BH, from guanosine tri-
phosphate (GTP) via neopterin, leading to defective
hydroxylation of tyrosine to levodopa and tryp-
tophan to 5-hydroxytryptophan.®® The latter are the
rate limiting reactions of catecholamine and sero-
tonin synthesis and patients with defective synthesis
of BH, are severely amine deficient. However folates
inhibit pterin synthesis in vitro,3” and deficiency of
THF induced by methotrexate increases rather than
decreases biopterin synthesis, in vivo as well as in
vitro,'! 38 3% making it unlikely that the amine dis-
turbance was due to defective pterin synthesis.

In a patient with dihydropteridine reductase
deficiency folate lack was accompanied by increasing
movement disorder and amine deficiency despite ther-
apy with levodopa and 5-hydroxytryptophan and, as
in the patient described here, folic acid administration
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exacerbated neurological symptoms and reduced CSF
concentrations of amine metabolites. The findings led
us to suggest that deficiency of folate blocked the syn-
aptic release of amines rather than their synthesis.3°
The entirely normal appearance of the basal ganglia
at necropsy reported here is consistent with this sug-
gestion.

We conclude that defective methyl folate metabo-
lism is the key to neurological damage in subacute
combined degeneration, that the harmful effects of
folic acid are evidence for, rather than against, this
view and that defective amine turnover is a facet of
the neurological disturbance. Treatment of patients
with 5-10CH,THF reductase deficiency should be
directed towards maintaining  methionine
turnover'? 2325 a5 well as the supply of folate to the
CNS. The pathogenesis of demyelination in subacute
combined degeneration remains to be elucidated.
Further characterisation of the neurochemistry and
neuropathology of both inherited and acquired
defects of folate metabolism should add to our under-
standing of this process.

We thank Drs B Fowler, A Niederwieser, Jan Perry,
Ann Harden, S Boyd, J Payan and B Kendall for their
generous help with the investigations, Dr JFB Dos-
setor for referring the patient to us and Prof JA Blair
for helpful discussions. KH and IS are in receipt of
financial support from the McAlpine Foundation,
and the Medical Research Council respectively.
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